Abstract
Background
In Hippophae (Fam. Elaeagnaceae) (Shaji), seven species and 11 subspecies have been identified worldwide [1, 2] . In China, there are seven species and seven subspecies of Hippophae, which are mainly distributed from the Hengduan Mountains to the Qinghai-Tibet Plateau [3] [4] [5] [6] .
Both the fruits and leaves of Hippophae species possess abundant nutritional properties and bioactive compounds [7] [8] [9] , i.e., high level of vitamin C [10, 11] . Hippophae species have been widely used in food, pharmaceutical, and health care products [12, 13] .
Medicinal Hippophae species are used in Chinese medicine (CM) and Tibetan medicine for their antioxidant and anti-tumor activities, to improve lipid metabolism and enhance immunity [14, 15] . The dried fruits are used as remedies for cardiovascular disease; liver, stomach, and spleen disorders; as well as lung and throat phlegm [14] [15] [16] [17] [18] . Hippophae species are sometimes misidentified because of the similarities in vegetative morphology [2, 5] . Furthermore, the fruits of different species are labeled with the same name and mainly sold or used in the dried form or as powders. Therefore, different species cannot be identified by only morphological characteristics and accurate identification methods are needed.
With the advantages of high PCR amplification efficiencies, DNA sequencing success rates, and discrimination power, DNA barcoding has become popular with taxonomists and has gained wide acceptance as a standard and effective method in biodiversity research and conservation genetics. It can be applied without the limitation of the samples development stages, parts and gathering time, compared with the conventional identification method [19, 20] . The Consortium for the Barcode of Life (CBOL) Plant Working Group initially recommended the coding plastid regions rbcL and matK as core barcodes for plant species [21] . However, two barcodes Open Access *Correspondence: xl_yzhm@163.com; 1175332408@qq.com 1 College of Ethnic Medicine, Chengdu University of Traditional Chinese Medicine, Chengdu 611137, China 2 Institute of Chinese Materia Medica, China Academy of Chinese Medical Sciences, Beijing 100700, China Full list of author information is available at the end of the article 
are not precise enough because of the low identification rate [22, 23] . The psbA-trnH, ITS, and ITS2 were subsequently suggested [23] [24] [25] . Additionally, the amplification efficiency of ITS is lower than that of ITS2, because of the multiple functional copies exist in many taxa [26] . Consequently, more than 6600 plant samples that belong to 4800 species from 753 distinct genera have been barcoded by ITS2, with 92.7 % success at the species level -: not acquired in this study a FDC112: a reference crude drug that was purchased from National Institute for Food and Drug Control 
[23, [26] [27] [28] [29] [30] [31] [32] [33] [34] . The psbA-trnH intergenic spacer region from plastid DNA has also been recommended as a complementary barcode to ITS2 for a broad series of plant taxa [35] . This study aims to discriminate between medicinal and non-medicinal Hippophae species by DNA barcodes, using the ITS2 and psbA-trnH regions as candidate barcodes.
Methods

Materials
Seventy-five samples (Table 1) representing seven species and seven subspecies were collected from the major distribution areas, including Sichuan, Qianghai, Tibet, Yunnan, Beijing, and Xinjiang (China), between May and November 2013. The native wild samples were identified based on morphological features by Professor Zhang Yi referred to previous Hippophae research [4, 5] . Voucher specimens were deposited in the College of Ethnic Medicine, Chengdu University of Traditional Chinese Medicine. All of the ITS2 and psbA-trnH sequences were submitted to GenBank.
Additional sequences belonging to four subspecies of H. rhamnoides which are only found in Europe were obtained from GenBank. In addition, Elaeagnus angustifolia and E. pungens sequences were downloaded from GenBank for use as outgroups in this study.
DNA extraction, PCR amplification, and sequencing
Total genomic DNA was extracted from 50 mg of fruit dried in silica gel. DNA extractions were performed by a Plant Genomic DNA Kit (Tiangen Biotech Co., Beijing, China). Plant material was ground for 2 min at 50 Hz by a DNA Extraction Grinder (Xinzhi Biotech Co., Ningbo, China) as previously described [36] . Primer pairs ITS2F (5′-ATGCGATACTTGGTGTGAAT-3′)/ ITS3R (5′-GACGCTTCTCCAGACTACAAT-3′) for ITS2 and psbAF (5′-GTTATGCATGAACGTAATGCTC-3′)/trnHR (5′-CGCGCATGGTGGATTCACAATCC-3′) for psbA-trnH were used for PCR amplification. PCRs were performed in a 25-μL volume, containing 2-3 μL of genomic DNA, 12.5 μL of 2 × EasyTaq PCR MasterMix (Aidlab Biotechnologies Co., Ltd., Beijing, China), 1.0 μL of each primer, and the total volume was adjusted to 25 µL with sterile deionized water. The reaction conditions used were the same as described previously [21, 37] . The PCR products were visualized on agarose gels (the electrophoresis was run in 1 × TBE for 20 min at a constant voltage 120 V). After electrophoresis, purified PCR products were bidirectionally sequenced by the same primers that were used for PCR in a 3730XL sequencer (Applied Biosystems, Foster, CA, USA).
Data analysis
Proofreading and contig assembly of sequencing peak diagrams were performed by CodonCode Aligner 3.7.1 (CodonCode Co., Centreville, MA, USA). The ITS2 region was obtained by the HMMer annotation method based on the Hidden Markov model to remove the 5.8S and 28S sections at both ends of the sequences [38] [39] [40] . The psbA-trnH intergenic spacer boundary was determined according to the annotation of similar sequences in GenBank. All sequences were aligned (MUSCLE option) by MEGA 6.0 (Center for Evolutionary Medicine and Informatics, Tempe, AZ, USA) [41] , and the genetic distances were calculated according to the Kimura 2 parameter (K2P) model. The distribution of intra-vs. inter-specific variability was assessed by DNA barcoding gaps. A neighbor-joining (NJ) tree was constructed and bootstrap resampling (1000 replicates) was conducted to assess the confidence in phylogenetic analysis by MEGA 6.0. The combination of ITS2 and psbA-trnH (ITS2 + psbA-trnH) was also evaluated by these methods.
Results
Efficiency of DNA extraction and PCR amplification
DNA was successfully extracted from all 75 samples. The PCR amplification success rates for both ITS2 and psbA-trnH were 100 %. All PCR products in correspondence to the ITS2 and psbA-trnH regions were successfully sequenced, and high-quality bidirectional sequences were obtained (Table 2) .
Sequence and inter-/intra-specific variation analysis
The sequence characteristics are summarized in Tables 2  and 3 . The average G-C contents of the ITS2 and psbAtrnH regions were 52.72 and 25.62 %, respectively. ITS2 sequences ranged from 221 to 223 bp with 43 variable sites; 23 haplotypes were identified, and four indels that were 1-2 bp in length within the aligned 227 bp. The psbA-trnH intergenic spacer region ranged from 300 to 313 bp and showed less variation, with only 19/320 variable sites among 23 haplotypes. With these ITS2 sequences, both variable sites and deletions provided insight into the identification of H. salifocilia, H. tibetana, and three H. rhamnoides subspecies (Fig. 1) . By comparing the sequences, all species except H. salifocilia have deletions from the sites 201-202; in H. tibetana, there were 15 variable sites from site 2 to site 223 which could be used for identification and discrimination from other species. Other important variable sites also provided useful information for species identification and discrimination, such as H. rhamnoides subsp. yunnanensis at site 80, H. rhamnoides subsp. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 H. rhamnoides subsp. sinensis KJ843997 (Fig. 2) . When the sequences were compared, most species had no insertions except H. goniocarpa, which had insertions between site 90 and site 91, and H. gyantsensis, which had insertions at site 37 and from site 221 to site 229. Stable sequence variations, which provided useful information for species identification, were found in three species and two subspecies: H. salicifolia at site 38, site 94, and site 211; H. gyantsensis at site 7; H. tibetana at site 65, site 77, and site 302; H. rhamnoides subsp. mongolica at site 64; and H. rhamnoides subsp. turkestanica at site 24.
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The intra-and inter-specific K2P genetic distances for ITS2, psbA-trnH, and ITS2 + psbA-trnH are listed in Table 2 . In general, the mean inter-specific distances were higher than the mean intra-specific distances for the single-locus barcodes as well as the 2-locus barcode by the K2P model. ITS2 showed the highest intra-and interspecific distances among the two DNA regions and the combination of the two regions, whereas the psbA-trnH exhibited the lowest intra-and inter-specific distances.
Assessment of barcoding gaps
Ideal barcode sequences should have a distinct inter-specific distance and relatively little intra-specific variation, and there need to be distinct differences between the sequences to form a spacer region, known as the "barcoding gap". Figure 3 shows the minimum inter-specific K2P distances vs. maximum intra-specific distances, and the points that represented species distributed above the 1:1 line indicated that there were barcoding gaps for these species. With psbA-trnH and ITS2 + psbA-trnH, the species located in the area with no barcoding gap was H. rhamnoides. With the ITS2 region, there were two species, H. rhamnoides and H. neurocarpa, that had no barcoding gap. There were four points located on the 1:1 line, indicating that these species also had no barcoding gap. These four points included H. litangensis with ITS2, H. goniocarpa and H. neurocarpa with psbA-trnH, and H. neurocarpa with ITS2 + psbA-trnH.
Neighbor-joining tree analysis
In this study, a phylogenetic tree was constructed by the NJ method, with 1000 bootstrap replicates for ITS2 (Fig. 4) , psbA-trnH (Fig. 5) , and ITS2 + psbA-trnH (Fig. 6) 
Discussion
The morphological similarities of Hippophae species caused a high chance of misidentification and misuse. Raw Hippophae products are often sold in dried and powdered forms, making morphological identification infeasible.
DNA barcoding is an important supplement and validation of conventional morphological identification [23] . In the present study, medicinal and non-medicinal Hippophae species were identified by DNA barcoding after Barcoding gap between Hippophae species based on intraand inter-specific distances. Minimum inter-specific K2P distance vs. maximum intra-specific K2P distance for ITS2, psbA-trnH, and ITS2 + psbA-trnH. Each data point represents a species, and each species located above the 1:1 line has a barcoding gap
